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SUH^^ARY 


Sozne   of  th-e   sffects    of   pusher-ppopell-sr   operation   on 
the    aerodynamic    characteristics    of   a   flapped  wing  were 
measured  in    the   Langley   propeller-research   tunnel.      The 
effects    of  propeller   operctlon   on   the   lift    and  profile 
drag  of   the   wing,    on  pxessixre   distribution,    and   on   the 
position    of  bovindary- layer   transition  vjere    obtained.      The 
results   indicated   that,    at   fixed   angles   of   attack  and  with 
flaps   deflected,    the  wing   lift   increased    appreciably  with 
increasing  thrust   coefficient.      V'lth  flaps    retracted,    no 
appreciable   increase   in   lift   with  increases   in   thrust   coef- 
ficient 7/as   measured.      Chordwise   pressure  distributions    at 
several    spanwise    stations   indicated  that   the   effect   of 
propeller   operation  was   greatest    in   the    region   immediately 
aheadi   of   the   propellei'   and   that   the    effect   extended   out- 
board from   the   propeller    axis   for   about   2.5  propeller  radii. 
Measurements    of  boundary-layer   velocity   on   the    forv/ard  part 
of   the   upper   surface    of  the   \N\xig,   showed   no    appreciable 
shift   of   transition   in    the   range    of   thrust   coefficients 
Investigated. 


:ntroduction 


As  part  of  a  study  of  the  eff '  -iiency  of  a  piAsher 
propeller  behind  a  low-drag  wing,  some  m.easurements 
relating  to  the  effects  of  the  proc  3ller  inflow  on  the 
aerodynamic  characteristics  of  the  wing  were  made  in  the 
Langley  propeller-research  tunnel.   The  data,  \vhich  are 
presented  herein,  show  the  effects  of  propeller  operation 
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c:i   the    lift    dT    the   v/jng   v/j  th   flaps    retracted    ai'id   deflected, 
on    the    oressure    distribution,    en   the    section    orrfile   drag, 
and   on    the    oositlon    of    ooundsry-layer   trsorisition    on    the 
uooer   surffce. 


APPARATUS    AT'D   T3^TS 

The   cenerr.l    arrangement    of    the   ii-.odel    used   in    the 
present    investipietion   is    shown   in    fif^ure    1    end    the   r.:odel 
configurations,    in   figure    2.      The    ^eoir^etric    character- 
istics   cf    the   model    sre    a."    follows: 

Wing    area  vvith   flao    retracted,    square    feet    ....    77-27 

Wing   scan,    feet lo.Oo 

Wine;    chord   with   flap   retracted,    feet i;.952 

Aspect   ratio i'    T     '     *     '       5'34- 

Airfoll    iiectloii r- ac.^  6  J  ,U-U20    (  aporoz.  ) 

Flap    chord,    feet "'"T  ^'^ 

Propeller   diarieter,  faet '-i-'O 

The   wing   v;a£    coriStructed   of   wood   covered  v.'ith   fiber- 
board.      For   the    tests    to    determine    boundary-layer    transi- 
tion,   the    v/ing  was    carefally   srnded    and   waxed;    h-wever, 
for    the    other'tests,    including   the   measurements    of    orofile 
drag,    the   wing   v/ss    considerably   less    smooth,    partlculiLrly 
at    the    leaaine:    edge..     Pull-soaii   landing    flaos    of   single- 
slotted,    doubie-slotted,    and   sT:>lit   tyoes   were   used  with 
the   wing.      The   nacelle   was    fair-.d   into    the   wing    and  no 
rrovisicn   v-as   msde    for    air   flov/   through   the   nacelle. 

The    three-blade    oroooller   with    a  i|-foot    diameter 
was    a  Hamilton-Standard   blOl    design   of   modified  Twitch 
distribution    and   right-hand   rotation.       (See    fig.    ;.)      Ihe 
rrooeller   was    driven   by    a   variable-speed    variable-f renuency 
induction  m.otor   rated    at   70  horsepower    at    JCOO   rom.      The 
orooeller   blades   were    set    at   22.5°    at   the    0.75-rr.diu3 
station.      The   maximuin  'orooeller  rotational    soeed^was 
3000   romi,    and    the   maximum,  wind-tunnel    speed  was    dO  mAles 
per   hour.      Tunnel    speeds    lov/er   than   the   m^axim.um  were 
necessary   in    developing    the   higher   values    of    thrust 
coefficient    of    these    tests.      The    range    of    thrust 
coefficients    used  was    extended   to   values    considerably 
higP.er   than    tnose    of  normal    flight    in   order    to    accentuate 
the    effects    of    oropeller    operation    on    the    aerodynam.ic 
characteristics    of    the    wing. 
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Lj  fts    v.'ere   measar'ed   over   a    range    of    tiirust   loadings 
at    flap   deflections    oT  0",    20'"',    and   ii-O'-^    and  at   geometric 
angles   of   at"i:ac''<:   cf   0'^,    ^'  ,    i^ ,    and    9'^«      Pressure   distri- 
bution,   profile   drag,    and   ocundary- layer   transition  were 
iTieasured   only   with   the   flap   retracted. 

The    section   profile-drag;   coefficient    v/as   ineasured 
at    three   spanwise    stations    in   the   vicinity  of   the   propeller. 
(Lee    fig.    i.)      The   limited   space  between  the  v/ing   and   the 
propeller  necessitated  mounting   the   rake   immediately 
behind   the   trailing  ed,'.",e    as    shown  in   figure  U-.      Both 
static    and    total   pressure  ■'"ere  measured. 

The   pressure    distribution   over   the   wing  v;a3  measured 
v'ith  a  pressure   belt    constructed  of  O.OL'-O-inch  copper 
tubes   soldered   together   as    sho^n  j.n  figure    ^.      The    excess 
solder  was    scraped   frorr,   the    surface    of   the   belt,    and   an 
orifice   with  a  diarreter    of   0.020  inch  was   drilled  into 
the    vvall   of   each  tube    at   the   desired  chordwise   locations. 
The   belt   was    then   formed   to   the  wing   section    and  mounted 
on  the    surface. 

Boundary -layer   transition  was    determined  from  miaasure- 
ments   In   the  boundary  Ipyer  over   the   forward   60   percent 
of   the   upper   surface   ol'    the   wing   at    seven   spanwise    sta- 
tions.      (See   fig.    1.)      The    total   pressure   in   the  boundary 
layer  v^as   m.eesured   with   O.0i;.0-inch   stainless    steel    tubes 
flattened   to    an   inside   height    of  O.OOo  inch.       (See    fig.    6.) 
The   geom.etric    centers    of   the    tubes   were    set  0.011  inch 
above    the   wing    surface.      The    velocity   in   the   boundary 
layer  v/as    calculated   by  using    the    total    pressure   in    the 
boundary   layer   and    the   local    static    pressure   previously 
measured  with   the   presrure    belt. 


SYMBOLS 


Cr     total  lift  coefficient  of  wing  with  propeller 


.rp 


,  ,            /■Resultant    vertical   forceN 
operating      i 1 


V 


0'-' 


ACt    increment  of  lift  coefficient  due  to  propeller 
P     thrust  inclination 

/ \^e rtlcal  comp one nt  of  propelle r  a:xial  fore e 
_  Tq  sin  a  \ 
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Ct  r.et    lift   coefficient   of  wing      /'Cj      -   LCj   \ 

Cj  cecticn   profile-crag  ccefficient 


( 


fjG ction  p roll  1  e   drsg\ 

0_G  y 


Tp  effective    thrust   dis'c-loading  coefficrent  based 

on   propeller   dis'^   si'ea     I 


\      O         / 


T„      effective  thrust,  pounds 


D      propeller  diameter,  feet 

V_     free-rtrean  velocity,  feet  oer  second 

u  velocity  in   surface   direction   inside   boiuidary 

layer,    feet   per    second 

S  win 2   area,    square    feet 

c  v;ing   chord,    feet 

p  mass   density  of   sir,    slugs  per   cubic    foot 

a  angle    of    attack,   degrees;    r.^easured   betv/een   thrust 

line    (coincident  v;ith  chord  line)    and  relative 
wind;    corrected   for   jet   boundary 

5..-,  flap  deflection,    degrees 

X  distance    from   leading   edge   of  wing  parallel    to 

choi'd   line 

y  lateral    distaace    from  plane    of    s;;,Tnrretry 

q^  free-stream  dynamic    pressure     (~-r'^o    ) 

p  local    static   pressure   on  v.lng 

Pq  f ree-st reaw   static   pressure 
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,  ,      .  .  .         ,     -^    "-"Po ^ 

P  averac<;e    chcrav.'ise   pre3sure   rf.'cio     ; 


RESULTS    Ai^D  DISCUSSION 


The    rerults    of    thi  ?    investigation   £>re    nressnted   in 
four   sections    siaovan;?   the   effects    of   propeller   operation 
on    (1)    lift,    (2)    chordv.lse    and   spsnv/ise   pressure   distri- 
bution,   (5)    boundary-le^er   transT ti on, and   (k)    profile 
drag.      The  d&ta   are   expressed  in  nondimensional   coeffi- 
cients   and  have    been   corrected   for   jet-boundary  effects. 

In    a   preliminary   comparison,    it   was    found    that    lift 
with  oropeller   operating   at      T^    =,  0     would   agree   with 
lift   for  the    propeller   reinoved  within   erperinental   accu- 
racy.     The    lift    coefficients    at      T^    =   0      in    this    report 
may   therefore   be   considered    cs   propellei'-reir.oved   vslues. 

Effect    of    nropeller    operation   on    lift.-    Lift   with 
power   on   is    considered    to   nave    fo'ur  components:       ''1)    the 
lift    of   the   wing    at      T^    -   0,       (2)    the    increment   of   lift 
of   the   wiiig    caused   by   operation    of   the    propeller, 
( ^ )    the    vertical   component   of   propeller   axial   force,    and 
(a.)    the   propeller  normal   force.       The  maxim.um  propeller 
normal   force    developed   in    these    tests    1?    est^'mated    to   be 
within  the    scatter   of  experimental   points,      Com.ponent    iZ), 
the  increment   of   lift,    is    then  obtained  by  deducting   com.- 
ponents    (1)    and    (5)    from  the   mjeasured   resultant    vertical 
force.      In   evaluating    component    fj),    the    propeller   axial 
force   vifas    assumed    to    be    equal   to    the    effective    thrust 
and  independent    of   sngle    of   attack  at    a  given  value    of 
advance-diameter   ratio. 

The    variation   of    total    lift    coefficient      Or         with 

^T 
thrust   disk- loading   coefficient      T^,      is    given  in   figure    7 

for    several   angles    of    attack   and    several    flap   deflections. 
In   correcting    the    angles    of   attack    for   jet-boundary 
effects,    the  'total    lift    coefficient      Ct         at      T.^    =   1.0 

Jrp 

was  used.   This  simplification  introduced  Inaccuracies 
in  angle  of  attac-  of  the  order  of  tO.J'-'  and  corresponding 
changes  in  total  lift  coefficient  of  ±0.012,  which  is 
within  the  scatter  of  the  experimental  points.   The 
vertical  com.ponent  of  propeller  axial  force  has  been 
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deduotec"  from  ths  f  si  Ted  curves 

of  fi,q;ure  7j  ^^nd  the  I'esultixig  net  lift  coefficient  i3 

cross -plotted  against  tnele  of  attsck  at  three  values 

of   T-   in  figure  8.   In  this  figure,  the  angle  of  attack 

has  been  ooi-rected  ty  ucing  tbe  totel  lift  coefficient 
at  each  value  of   T^ .   The  curves  of  figure  8  indicate 
thst  the  slope  of  the  lift  curve  is  approximately 
independent  of   T^ .   With  flaps  retracted,  propeller 
operatior.  -  even  at  high  thrust  coefficients  -  did  not 
aoprecirbly  affect  the  v.'ing  lift  (fig.  8fa)).   Y'ith 
flrps  deflected,  however,  the  lift  Increased  v.lth 
Increasing   Tp .   The  increment  of  vlng  lift  resulting 
from  propeller  operation  is  the  difference  in  lift 
between  the  curves  for  Tq   =  0   and  curves  for  the 
propeller  operating  in  figure  8  and  is  attributed  to 
only  the  prooeller  inflov.   It  is  noted  that  a  British 
investigation  (reference  1)  shows  larger  increases  in 
lift  due  to  propeller  operation  th?n   were  ■measured  in 
the  present  investigation. 

Less  lift  v.as  obtained  -at   T^  =  0  with  ■t"he  double 

than  ■'"dth  the  single  slotted  I'lao.   The  difference  may 

have  been  caused  by  incorrect  design  of  the  double 
slotted  flap. 

Effect  of  oro-'eller  cr^eration  on  TDressure  distil- 


butioh.  -  The  chordv/ise  pressure  distribution  at  several 
spanwise  stations  and  several  values  of   T-,   is  p'iven  in 
figure  9'   The  maxiTrum  observed  decrease  in  local  pres- 
sure associated  with  oropeller  ooeratlon  occuiTed  near        1 

'v  '        '  I 

the  trailing  edge  at  '^  =   O.c^O,   the  point  of  measure- 
ment nearest  the  thrust  center  line.   The  pressure  decrease    ' 
at   6^  =  0'^  was  approximate I7Y'  the  same  over  the  upper        j 
and  lower  surfaces,  an  indication  that  there  was  no  , 

aopreci '-ible  change  in  Hft.   This  result  is  in  agreement 
with  the  results  of  vhe  force  tests  given  in  figure  &(a), 

From  figure  10,  in  v.'hich  the  average  chordwlse  pres- 
sure ratio  is  plotted  against  spanwise  station,  it  may        i 
be  noted  that  the  propeller  effect  extended  outboard  to       j 

'—  -1,3,  or  about  2.^  propeller  rcidii  from  the  propeller      i 
0  I 

axi  s .  I 
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Effect    of   propeller    operation    on   bounde.i'y-lajrer 
trsnsition.-    The   ratio    of    the    velocity   st    a    constant 
height  TO'.Oll   in.  )    in    the    boundary    layer   to    free-strean 
velocity      u./Vq      is   plotted  as    a   function   of    the   distance 
from   the   leading   edge      y./c      an  figure    11    for   several 
thrust   coefficients    a^id   test   velocities.      Wo    appreciable 
shift   in  transition   associated  with  propeller   operation 
or  with   Feynolds   n-urr'ber   v-as   ireasured.      This    result   is 
in  agreeiTient   vath  reference   2. 

Effect   of   propeller   opera ti on    on   section  p rof il e 
drag.  -    The    section    profile-di'ag   coefficient   was    measured 
at   three    spanv/ise   stations   in   the   vicinity  of  the   p*ro- 
peller.       (Sec    fig.    1.)      The    variation    of    section   profile- 
drag   coefficient   with  thrust   disk-losding  coefficient   is 
given  in   figure    12   for  three    test    velocities.      The    rather 
high  orofile-drag   coefficients    measured   at      7^=0      are 
attributed    to   surface   roughness   near   the    leading   edge, 
which  presurrcbly   caused    transition   to    occur  much  farther 
forward   than  with   the   highly    polis}:ed    surface    en   which 
the    transition  measurements    of    figure    11   were    obtained. 
Larger   increases    of   section   profile-drag   coefficient 
with  increasing    thiust    coefficient   occurred  than   c^n  be 
accounted    for   as    increased    skin   friction   due    to    the 
increased   velocity   in  the    propeller   inflow.      These 
Increases    in   drag   coefficient    are    probably   due    to    the 
action  of   the    low-pressure   region  in  front    of   the   pro- 
peller  in  drawing   low-energy  boundary-layer   air   froui 
other   sections    of    the    wing   tov/ard    the    sections    ahead    of 
the    survey   rake . 


COFCLTJSIONS 


The   foregoing   analysis    of  measurements  m.ade   to 
determine    the    effects    of   pusher-propeller    operation   on 
som.e    of    the    aerodynamic    characteristics    of    a   low-drag 
wing   rndth   flaps    indicated   that; 

1.    At    fixed   angles    of   attack    snd    with   flaps    deflected, 
the    lift    of    the    wing   increased    appreciably   v.;ith   increasing 
thrust   coefficient. 

Z.    Changes   in   pressure   distribution   over    the   wing 
caused  by  propeller   operation  v;ere    largest    imir:ediately 
ahead    of    the    propeller   and   extended    outboard    to    approxi- 
m.ately  2.5   prone  Her    radii    fromi   the    propeller   axis. 
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With   flaps   retracted,    no    appreciable   change    In  vi.ng   lift 
or   span   load  distribution  -.vas  measured. 

5.    No   appreciable   shift    of   transition  vd  th  vai-ia- 
tion   of  thrvist   coefficient   v;se  measured. 


Langley  T,"e^"norial   Aeronautical   Laboratory 

National   Advisory  Cormnittee    for  Aeronautics 
Langley   Pi  eld,    Va. 
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Fig.    2a 
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Fig.    2b 
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Fig.    2c' 
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Fig.    3 
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Figure  7.~  Variation  of  total  lift  coett/c/ent  ivitti  thrust  disk-tood/ng  coeff/c/ent 
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